Abstract Toxocariasis is caused by the helminth Toxocara spp. Its prevalence is underestimated in many settings and affects primarily children due to their vulnerability. Toxocariasis may be an asymptomatic infection or it may progress to cause severe clinical forms. The aim of this paper is to describe the epidemiology, risk factors, clinical and laboratory diagnosis of visceral larva migrans that manifest in the liver, lung, or central nervous system. It is recommended that antiparasitic treatment should be instituted even in asymptomatic patients to prevent migration of the larva to vital organs. There is a lack of awareness of the population of this parasitic infection and also among clinicians regarding the clinical manifestations of toxocariasis. The lack of public health preventive measures leads to its high prevalence in many settings, usually impoverished areas in tropical settings. Thus, it is imperative to prevent transmission and to provide early treatment of asymptomatic or symptomatic cases to prevent complications and late sequelae of this parasitic infection.
Introduction
Toxocariasis is considered a widely prevalent infection with a worldwide distribution, frequently underreported and thus classified as a neglected parasitic infection [1••]. The term visceral larva migrans (VLM) was given to this condition due to the aberrant migration of the larvae in human tissues with incomplete maturation producing clinical manifestations in the eye, lung, and liver [2••]. Human infection occurs through the accidental ingestion of embryonated eggs of Toxocara canis excreted by dogs and less frequently caused by Toxocara cati from its excretion by cats [2••]. Children are more likely to become infected and develop clinical manifestations due to the immaturity of their immune system [3] . In addition, children are also at a higher risk of exposure to Toxocara spp. while playing at sites contaminated with animal excreta [4, 5•] such as tanks of sand in parks, daycare centers and schools, lawns and playgrounds [4, 6, 7•] . Personal habits such as onychophagia [8••, 9 ••] and geophagy (more frequent in infants and pre-school children) or during close contact with infected dogs are also considered important mechanisms of acquisition of infection [4] . Furthermore, low socioeconomic status, which in many settings is associated with poor sanitation and hygiene, and having infected domestic dogs [8••] are considered important risk factors for the development of the disease. Clinical manifestations may vary from asymptomatic to severe clinical presentations. The lack of controlled studies using similar diagnostic methods may be underestimating the prevalence of this infection of universal distribution. For this reason, there is a need to improve our understanding of the epidemiology, clinical presentation, laboratory diagnosis and the importance of treatment and prevention of this clinical syndrome.
become an accidental host by ingestion of embryonated eggs of Toxocara from contaminated soil, vegetables and unwashed hands, undercooked muscles or viscera of paratenic hosts such as chicken, sheep and cattle. They hatch in the intestine and penetrate through the small intestine; the liver may become infected as they pass through the portal system and hepatic sinusoids, and from there disseminate to other organs. In this manner, VLM may manifest by one or many clinical syndromes that include cardiac, pulmonary, neurological, ocular and hepatic.
Depending on the type of soil and environmental conditions, such as temperature and humidity, the eggs develop to the infective stage and can survive for at least 1 year under optimal conditions. Some authors found no association with temperature and number of eggs; however, contamination was more frequent during the fall season [11] . Toxocara infection in dogs has been detected by microbiological methods in several studies in different settings with a prevalence ranging from 10 to 100 % when evaluating environmental soil samples around public parks and playgrounds [4, 7•, 11-13, 14•, 15] . Surveillance studies in elementary schools have demonstrated a prevalence that ranges from 9.2 to 33.3 % [4, 7•, 13, 16••]. Greater contamination of sand and lawn has been identified in periurban areas and slums [15] .
There was no statistical difference in contamination by Toxocara spp. of sand and grass between schools and public squares [7•, 15] . It seems that sand suffers more influence from climate and that can contribute to contamination [13] .
The incidence of toxocariasis remains unknown and the prevalence in children is considered to be underestimated A cross-sectional study of 37 children with serological confirmation of diagnosis (ELISA >640) conducted by E.A.A. Carvalho and R.L. Rocha (in press) found a higher prevalence of infection in males (57 %). In this study, clinical manifestations included abdominal pain in 30 % of cases, hepatomegaly in 22 %, asthma in 43 %, peripheral lymphadenopathy in 19 % in peripheral lymphadenopathy, splenomegaly in 27 %, ocular findings in 3 %, hypoechoic liver lesions by ultrasound and/or mesenteric lymphadenopathy or periportal or peripancreatic lymphadenopathy in 30 % (Fig. 1) . Liver abscess occurred in 5.4 % of cases. Salient laboratory abnormalities included the presence of leukocytosis in 16 % of cases, eosinophilia in 89 % with hypereosinophilia (>1,000 cells/mm 3 ) in 68 %; high total IgE for age in 97 % and hyper IgE (>1,000 IU/ml) in 50 % with a total IgG raised in 42 % positivity for anti-A isohemaglutininas (72.2 %) and anti-B (69.4 %) in children.
The main cardiac disorders in toxocariasis are myocarditis, pericarditis, eosinophilic pericarditis, pericardial effusion and cardiac pseudotumors, and their frequency is unknown, with most cases described in adults. These complications occur due to larval invasion or secondary to inflammatory reaction and subsequent vascular obstruction leading to ischemia. Experimental studies show these changes after a week of infection. After 2 weeks of infection, granulomas can be observed with microabscesses present, myocytes with eosinophilia in the muscle fibers, and rapidly progressing to fibrosis and severe endomyocardial fibrosis. Various clinical manifestations such as syncope, dyspnea, chest pain, palpitations, fatigue, and pulsus paradoxus may suggest their presence [8••] .
The larval eye form has a low load, leading to low antibody production, and thus more free migration takes larvae affecting the eyes. Sanchez et al. [25] showed a prevalence of 0.57 % (1:512 ELISA) of 175 children, average age of 6 years, most asymptomatic. Melewska-Mazur et al. [25] . Other authors in the evaluation of 11 children with OLM, between 2 and 17 years old, found posterior pole granuloma to be the most frequent, followed by peripheral and chronic endophthalmitis and had impairment of visual acuity in 100 % of them. Ocular ultrasound may aid in diagnosis in cases of opacity of the media, and in these cases showed retinal mass or granuloma, high reflectivity, which can be located in the posterior pole and periphery, calcified or not, having as main characteristic the presence of membranes vitreously attached [26] . We found a prevalence of 6 % of OLM (unpublished).
Toxocariasis has been associated with asthma [27] , asthmalike symptoms and high levels of specific IgE against aeroallergens [20, 28] , serum total IgE, eosinophil count [20, 28] , increased skin sensitivity to aeroallergens, atopic asthma in children and reduced [28] lung function and inversely proportional positive serology with skin prick test reactivity (30.4 % had at least a reaction to an allergen) and 22.4 % had recent wheeze [20] . Other authors showed in asthmatics presence of elevated total IgE and positive prick test [17, 29] . Toxocara spp. stimulate the Th 2 immune response, a type of immune response that is considered to be central to the development of atopy and allergy. Experimental infections in mice with T. canis have been associated with elevated inflammatory activity, intense eosinophil migration to the lungs and plasma levels of high pro-inflammatory cytokines such as IL-6 and IFN-gamma [20] .
Neurological toxocariasis infection can involve the central nervous system, such as meningitis, meningoencephalitis and transverse myelitis, but appears to be rare [30•] . There are few reports of eosinophilia in the cerebrospinal fluid (CSF) of 27 % and 35 % in peripheral blood, and computed tomography scans demonstrating subtle changes in the density of the cerebellar region [31] .
Covert toxocariasis is not rare and is characterized by a syndrome that includes chronic weakness, abdominal pain, several allergic signs often conjunctival or skin, such as skin rash or itching, diffuse myalgias, angioneurotic edema, cough, and sleep disorders and behavioral changes [30•] .
The asymptomatic toxocariasis is characterized by positive serology, but the absence of eosinophilia and clinical symptoms [2••].
Diagnosis
The diagnosis is based on clinical presentation, laboratory findings associated with serological that can be performed by the method of enzyme-linked immunosorbent assay (ELISA) or Western Blotting (WB) due to the difficulty of larvae in tissue biopsy [2••, 5•], besides being an invasive method [2••]. In cases of diagnostic LMV the combined use of excretory-secretory antigens (TES)-ELISA has been confirmed by WB option with respect to sensitivity and specificity [30•] . Serology using TES is the best option for the laboratory diagnosis is considered a predictor of Toxocara canis infection when added to the relevant clinical data. Currently, the diagnosis of covert toxocariasis relies on nonspecific symptoms associated with eosinophilia and/or high levels of eosinophil cationic protein (ECP) that were used to assess the presence of a current active toxocariasis in patients who did not display any blood eosinophilia [30•] .
Treatment and Clinical Monitoring
Therapy should be instituted for all infected persons, even asymptomatic, due to possible complications in vital organs such as liver and eyes due to larval migration. The most commonly used drug is albendazole (10 mg/kg/day, maximum 400 mg) once a day for 5-14 days) [2••]. Treatment is carried out with the OLM albendazole, which prevents the intraocular invasion of the parasite [25] for 14 days associated with oral corticosteroids and managed preferentially by an ophtalmologist.
In general, the evaluation of treatment efficacy for toxocariasis is quite difficult to assess due to the diverse clinical presentations. Few studies have been conducted to evaluate the effectiveness of antiparasitic drugs. Fernando et al. [32••] showed reduced levels of IgE and eosinophilia after the use of albendazole (administered at a dose of 50 mg/kg/day divided in two doses for 3 days) and diethylcarbamazine (6 mg/kg/day for 21 days) with significant decrease in the serological evaluation by ELISA titers in the albendazole group, but no difference was found among children between 4 and 13 years. Wiśniewska Ligier et al. [18• •] studied treatment among three different groups that received two to three courses of anthelmintics (albendazole, 400 mg/day) 3-5 days after 3 weeks, mebendazole (100-200 mg/day) for 3 days or 6 days. Antibody levels and eosinophils decreased after 4-6 months of treatment, significantly, however there was no correlation between the level of antibodies and eosinophils and time of assessment. However, high levels of IgG anti-Toxocara 4-5 months after treatment suggest ineffectiveness of treatment. IgG and IgE showed a decline after 4 years, and after 2 years the decline of IgA and maintenance of these markers after treatment may be due to reinfection, or reactivation of parasitic load [16••] . Another study of immigrants from Latin America showed a reduction of Toxocara spp. titers after 6 months of treatment [33] .
An experimental study showed the contribution of probiotics in reducing the intensity of infection [34] .
However, further studies are needed to evaluate proposed adjunct treatments for disease. Abdominal ultrasound and ophthalmologic evaluation should be performed after the diagnosis. If there is a change, liver ultrasound examination should be repeated monthly until complete resolution of lesions. The ophthalmic examination must follow the patient annually since the onset of the injury can be later.
The most important reason to provide antiparasitic and anti-inflammatory therapy is to achieve improvement of clinical symptoms. After the initial course of treatment, it is recommended to have sequential follow-up evaluations at 4 weeks and then after 3-6 months after resolution of symptoms and improvement of laboratory abnormalities. Laboratory monitoring is recommended with measurement of serum eosinophil measurement, quantitative levels of IgE, and titers of IgG anti-Toxocara canis until normalization. If reinfection (either by maintaining contact with infected dogs concomitantly with rising eosinophilia or by the onset of new clinical symptoms) is suspected, a repeated course of antiparasitic therapy is recommended.
Prevention
In either urban, periurban, or rural settings where stray dogs are commonplace, educational and preventive interventions to reduce their numbers, such as through neutering procedures, may decrease opportunities for animal excreta from reaching public places where children or other individuals are exposed to Toxocara infection. Other important interventions include: having schools to close sand boxes; increase the use of fences to limit the entry of dogs and cats at local recreational areas [13] ; prohibit animals on beaches and recreational places, or at least enforcing individuals in urban and periurban areas to strictly collect feces from their pets. In addition, there must be sanitary and legal control on companies that store and sell sand to places such as schools and playgrounds. Public authorities and families can work together to establish and perform safe and specific interventions and thus help prevent infection of children with Toxocara sp. The aim should also be to educate children with campaigns about personal hygiene when handling their pets or when playing at high-risk recreational sites. From a veterinary standpoint, the use of antiparasitic treatment for dogs at 2,4, 6 and 8 weeks old and at 6 months has shown to be an important public health intervention in highly endemic areas [35] .
Conclusions
Toxocariasis is a parasitic infection with universal distribution but its prevalence is likely underestimated due to a lack of awareness of the impact of this parasitic infection in the community and by its recognition by clinicians. There are only a limited number of controlled clinical studies to address the impact of toxocariasis due to multiple factors, including the fact that most cases are not diagnosed, serologic assays have limitations, and there is an overall insufficient recognition of toxocariasis as an important parasitic infection from a public health perspective in many settings. New methodologies are being developed for the diagnosis of acute and chronic stages of the disease. Nevertheless, there is enough currently available evidence to support that early treatment helps reduce complications and morbidity. 
